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Abstract High survival rates have been reported for the
uncemented CLS®™ Spotorno®™ stem up to 10 years. To
confirm survival at longer followup we report the minimum
15-year (mean, 17 years; range, 15-20 years) for 257 hips
using this stem. We retrospectively evaluated the clinical
and radiographic results of all 326 patients (354 THASs)
operated between 1985 and 1989. The patients had a mean
age of 57 years using an uncemented grit-blasted, tapered
titanium femoral stem. Eighty-six patients (89 hips) died
and eight patients (eight hips) were lost to followup,
leaving 240 patients (257 hips) for evaluation. The femoral
component was revised in 35 hips: eight for infection, nine
for periprosthetic fracture, one for traumatic loosening, and
17 for aseptic loosening. Survival of the stem was 88% at
17 years (95% confidence interval, 84%-92%), and sur-
vival with femoral revision for aseptic loosening as an end
point was 94% (95% confidence interval, 91%—-97%). The
median Harris hip score at followup was 80 points. No

The institution of one or more of the authors (VE) has received
funding from Zimmer GmbH, Winterthur, Switzerland.

Each author certifies that his or her institution has approved the
human protocol for this investigation, that all investigations were
conducted in conformity with ethical principles of research, and that
informed consent for participation in the study was obtained.

This work was performed at Stiftung Orthopidische
Universititsklinik.

P. R. Aldinger (<)), A. W. Jung, V. Ewerbeck

Stiftung Orthopiddische Universititsklinik Heidelberg,
Schlierbacher Landstrasse 200a, 69118 Heidelberg, Germany
e-mail: peter.aldinger @ok.uni-heidelberg.de

S. J. Breusch
Royal Infirmary Edinburgh, Edinburgh, Scotland

D. Parsch
Baumann Klinik, Olgahospital Stuttgart, Stuttgart, Germany

thigh pain was reported. Small osteolytic lesions (< 1 cm?)
were found in the proximal Gruen zones (1 or/and 7) in 28
hips (15%). No distal femoral osteolysis was found. The
long-term survival with this type of femoral component
remains high in the second decade.

Level of Evidence: Level IV, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

The early and midterm results of uncemented femoral
components are frequently reported. Aseptic failures of
contemporary uncemented stem designs within the first
10 years are uncommon, ranging from 0% to 8% [1, 15, 17,
35, 36, 50, 51]. Most revisions within the first decade are
due to cup failure (migration, wear, and osteolysis) [1, 44,
47], dislocation, and infection. Equally encouraging are
reports of stem performance in the second decade for both
cemented and uncemented designs [9, 25, 38, 40, 41].
However, there are relatively few reports with more than
15 years of followup. A number of these reports, however,
demonstrate high long-term survival rates ranging from
87% to 99% [13, 17, 18, 20, 27, 29, 31, 34-38, 40, 46, 49,
53].

Many of these studies [13, 17, 29, 37, 53] reviewed the
long-term results with cobalt-chromium femoral compo-
nents. Because proximal femoral resorption has been
identified as one of the modes of mechanical failure after
THA [6, 23], titanium alloy femoral components have been
used in an attempt to enhance the transfer of stress to the
proximal part of the femur, thereby potentially prolonging
the life of the implant. The midterm survival of titanium
femoral implants suggested high survival [1, 18, 20, 27, 31,
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34] and severe stress shielding with osteolysis was found
less frequently as compared to cobalt chrome stems [2, 4,
40, 49].

The purpose of this study was to determine (1) the
survival of an uncemented titanium stem in primary THA;
(2) the number of long-term revisions and the reasons; (3)
the long-term Harris hip scores; and (4) the radiographic
signs of loosening.

Materials and Methods

We retrospectively reviewed all 326 patients (354 hips)
who had a THA with an uncemented, straight, collarless
tapered titanium stem (CLS®™ Spotorno®™ stem, Zimmer
Inc, Warsaw, IN)) (Fig. 1) performed between January
1985 and December 1989 [1]. Indications for this device
were absence of severe femoral canal deformity and ade-
quate bone stock for uncemented fixation using the index
of Singh et al. [45] as described by Spotorno et al. [48].
The mean age of the patients was 57 years at the time of
surgery (range, 13-81 years.) The minimum followup was
15 years (mean, 17 years; range, 15-20 years). During the
followup period, 86 patients (89 hips) died and eight
patients (eight hips) were lost to followup, leaving 257 of
the 354 hips (72%) available for review (Fig. 2). Of those,
222 hips had clinical followup at a minimum of 15 years
and 35 hips were revised (stem revision). At a minimum of
15 years’ followup, we had radiographs for 186 of the 354
hips (53%). In the 86 patients who died, the femoral
prosthesis was in situ at the time of death. Patient

Fig. 1 The photograph shows
the uncemented straight tita-
nium CLS® Spotorno™ femoral
component (Zimmer Inc) with
proximal fins and a grit-blasted
surface finish.
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demographics show a typical distribution of diagnoses
leading to hip arthroplasty (Table 1). All 257 patients were
seen in followup specifically for this study. All patients
gave informed consent to participate in the study and the
study was approved by our institutional university review
board.

The stem had a neck-shaft angle of 145° and was
implanted using the press-fit technique described by
Spotorno et al. [48]. This rectangular stem was wedge-
shaped and tapered in all three planes with proximal,
anterior, and posterior located ribs/flutes (Fig. 1). Second-
ary osseointegration is presumably achieved by osseous
ongrowth to the grit-blasted implant surface. The implant
was made of Ti6Al7Nb alloy (Protasul® 64; Zimmer Inc)
with a microporous surface treatment (Ra = 4.4 pm). Of
the 354 hips, 348 (99%) underwent acetabular reconstruc-
tion using smooth, uncemented, threaded cups: 222 hips
(63%) received threaded, spherical, uncemented Mecron
cups (Mecron GmbH, Berlin, Germany) and 126 hips
(36%) received a threaded, conical, uncemented Weill ring
(Zimmer Inc) [44]. Six hips (1%) received cemented cups
(B. Braun Aesculap, Tuttlingen, Germany). In all hips,
polyethylene bearing surfaces and 32-mm Biolox® cera-
mic heads (CeramTec, Plochingen, Germany) were used.

The procedures were performed by 23 surgeons at one
center. We used either a modified Watson-Jones or the
transgluteal lateral approach of Bauer et al. [S] with the
patient in the supine position. The femoral canal was pre-
pared using a series of chipped-tooth broaches of
increasing size. No attempt was made to achieve cortical
fixation; surgeons did not consider achieving cortical
contact to be necessary to achieve stability with this
implant; the surgeon relied on the feel of rotational and
axial stability to determine fit. We regarded fixation as
satisfactory when a series of moderate hammer blows did
not change the final position of the femoral implant.

Postoperative partial weightbearing was encouraged for
6 weeks and then weightbearing as tolerated thereafter. No
regular prophylaxis (irradiation or NSAIDs) for prevention
of heterotopic ossification was given.

Patients were followed in regular intervals at 3 months,
6 months, 1 year and yearly thereafter. As this was a ret-
rospective cohort study, preoperative Harris hip scores
(HHS) were not available. Data were retrieved from a
permanent continuous electronic database. Patients were
contacted and invited for a followup visit at our center. At
final followup, two of us (AWJ, PRA, neither a treating
surgeon) determined the HHS for each patient/hip. Clinical
assessment included limp, range of motion, and pain.
Patients assessed the pain in the operated hip at the time of
final followup using a visual analog scale (0-10). In
addition, the pain component of the HHS was recorded
[21].
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Fig. 2 A flowchart illustrates
the patient status at the latest visit
15 to 20 years postoperatively.

Followup Lost to Deceased Stem
followup revisions
222 8 89 35
63% 2% 25% 10%

[ | | ]
Telephone Clinical + Radiographs Aseptic Infection: Periprosthetic
interview radiographs loosening: fracture: 9

Traumatic: 1
36 181 5 17 8
10% 52% 1% 5% 2% 3%

Radiographic
followup

186
53%

Table 1. Patient demographics and diagnoses

for measuring subsidence were the greater trochanter and
the shoulder of the prosthesis [16]. The threshold for sub-

Demographics All Male Female

sidence was defined as > 2 mm. Varus or valgus stem
Age (years)* S7.(18-81) 57 (13-81)  57(23-76)  malalignment was defined as deviation from the longitu-
Body mass index (kg/m?)* 27 (19-40) 27 (19-38) 27 (20-40) dinal femoral axis of more than 2°. Radiolucent lines were
Number of hips 354 (100%) 178 (51%) 176 (49%) defined as radiopaque lines of > 1 mm adjacent to the

Diagnosis implant and areas of osteolysis were defined as localized
Osteoarthrosis 188 (53%) bone resorption and described according to Gruen et al.
Congenital dislocation 85 (24%) [19]. Bone hypertrophy was defined as thickening of the

of the hip distal periprosthetic diaphyseal bone of more than 2 mm on
Avascular necrosis 39 (11%) anteroposterior radiographs compared to postoperative
Poztsttré‘;g‘t‘;:;is 21 (6%) radiographs [39]. Osteolysis was defined as areas of
i o localized bone resorption or endosteal erosion [52]. Stress
Rheumatoid arthritis 6 2%) shielding was defined according to the criteria of Engh
Neck fracture 6 (2%) et al. [12]. We considered only second-, third-, and fourth-
Other 10 3% degree stress shielding with resorption of cortical bone

P.reVious osteotomies 57 (16%) medially, anteriorly, or laterally as stress shielding; we

Side defined rounding of the medial femoral neck as “calcar
Right 179 (51%) rounding.” Pedestal formation was defined as a shelf of
Left 175 (49%)

* Values are expressed as medians, with ranges in parentheses.

The first postoperative and subsequent serial low cen-
tered pelvic radiographs and anteroposterior and lateral
radiographs of the hip were examined by two independent
experienced orthopaedic surgeons (HC, FUN) to determine
stem alignment, subsidence, radiolucent lines, bone
hypertrophy, osteolysis, stress shielding, pedestal forma-
tion at the stem tip, heterotopic ossifications, and femoral
and acetabular loosening. The radiographic landmarks used

endosteal new bone at the stem tip partially or completely
bridging the intramedullary canal [32]. A femoral stem was
regarded as loose if radiolucent lines of over 2 mm were
present around the entire implant. Acetabular loosening
was defined as continuous migration of greater than 5 mm
or tilting of greater than 5° compared with baseline
radiographs on anteroposterior views.

We used Kaplan-Meier survival analyses for all patients
using revision of the stem for aseptic loosening and revi-
sion of the stem for any cause as end points. We used
SAS® Version 8 for Windows™ (SAS Institute Inc; Cary,
NC) for data analysis.
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Results

We found a survival of 88% (95% confidence interval [CI],
84%-92%) for all 354 hips after 17 years based on revision
for any reason as end point (Fig. 3). Survival with femoral
revision for aseptic loosening as end point was 94% (95%
Cl, 91%-97%) at 17 years (Fig. 4). The survival rate
remained unchanged until Year 20. At the time of fol-
lowup, no patient was awaiting stem revision. The Kaplan-
Meier analysis of the acetabular components showed a
survival for Mecron components of 49% (95% CI, 41%—
57%) at 17 years. For Weill components, the survival rate
was 75% (95% CI, 69%—-87%) at 17 years.

Thirty-five stems (10%) were revised. Eight hips were
revised for deep infection; nine stems were revised after
trauma resulting in periprosthetic fracture and stem loos-
ening. Until the time of trauma, there were no signs of stem
loosening in these hips. Seventeen stems were revised for
other causes. Twelve stems were revised for late aseptic
loosening with progressive subsidence. In these hips, the
stem was stable in the first decade without change in
position and then suddenly subsided with onset of pain. In
all 12 hips, the stem had been undersized at the time of
surgery. In one additional hip, an intraoperative fracture of
the proximal femur occurred and was not stabilized; the
stem progressively subsided and was revised after 3 years.
In three hips, the femoral component was revised at the
time of cup revision in a different institution. The reason
for femoral revision is unknown in these cases. One hip
was revised for traumatic loosening with subsidence. One
hundred twenty-one acetabular cups (33%; 91 Mecron and
30 Weill) had been revised before the most recent

Revision for any reason

100 4

90

80

70 1

Survival Rate (%)

60

50

0 5 10 15 17 20
Years
n=356 325 294 247 154 18

Fig. 3 The survival rate with all revisions of the femoral component
as an end point is shown. Survival rates were at 96% at 5 years, 94%
at 10 years, 91% at 15 years, and 88% at 17 years. n = number at
risk.
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followup. The majority of the revisions were due to
migration and aseptic loosening of the smooth-surface
threaded components [3, 45].

At final followup, the median HHS of 222 hips with
clinical followup was 80 points (range, 17-100 points
(Table 2). The median Harris pain score was 42 of a pos-
sible 44 points for all hips. Only one hip had a Harris pain
score of 10 or less. This patient was evaluated after a
revision arthroplasty for cup loosening and suffered from
other diseases not related to the operated hip. No patient
reported thigh pain (Table 2).

Revision for aseptic loosening

100 W
90
S
2L 80
3]
o
©
>
S 70
3
%]
60 -
50 T T T
0 5 10 15 17 20
Years
n=2356 327 295 247 156 18

Fig. 4 The survival rate with revision for aseptic loosening of the
femoral component as an end point is shown. Survival rates were at
99% at 5 years, 97% at 10 years, 95% at 15 years, and 94% at
17 years. n = number at risk.

Table 2. Clinical results

Clinical result Value

Harris hip score (points)*
All hips 80 (17-100)
Stable cup 79 (17-100)
Revised cup 81 (28-100)
Charnley A (43/20%) 92 (85-100)
Charnley B (91/43%) 79 (17-100)
Charnley C (79/37%) 75 (38-100)

VAS pain (number of hips)
No pain 143 (70%)
Slight pain 28 (14%)
Mild pain 21 (10%)
Moderate pain 8 (4%)
Severe pain 3 (1%)
Thigh pain 0 (0%)

* Values are expressed as medians, with ranges in parentheses;
VAS = visual analog scale.
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Table 3. Radiographic results

Radiographic result Number of hips

Stem alignment

Neutral 173 (94%)
Varus 9 (5%)
Valgus 4 (2%)
Osteolysis
Zone 1 14 (8%)
Zone 2 1 (1%)
Zone 3 0 (0%)
Zone 4 0 (0%)
Zone 5 0 (0%)
Zone 6 2 (1%)
Zone 7 28 (15%)

In the 186 hips evaluated radiographically at a minimum
of 15 years, there was no evidence of (femoral) radio-
graphic loosening at the time of followup in any case. The
stem position was in a neutral position in 173 hips (94%),
in a varus position in nine hips (5%), and in a valgus
position in four hips (2%). The mean varus stem position
was 3° (range, 2°-5°), and the mean valgus stem position
was 3° (range, 2°-6°). Forty-four hips had heterotopic
ossification (51%); only eight hips (4%) had Grade 3 het-
erotopic ossification and one (0.5%) had Grade 4. Four hips
had reduced range of motion or pain (three Grade 3 and one
Grade 4). We observed small osteolytic lesions (< 1 cm?,
scoop lesions) in the proximal Gruen zones (1 or/and 7)
in 28 hips (15%). Larger osteolysis (> 1 cm?) was seen in
two hips (1%) extending into Gruen Zones 2 and/or 6.
Early subsidence was seen in one stem (1%), which
stabilized at 12 months without further clinical or radio-
graphic signs of stem loosening at followup. We found
mild rounding of the calcar in 165 hips. No instance of
distal cortical hypertrophy was seen. We saw no obvious
stress shielding (2°—4°) with atrophy of the proximal
femur. Pedestal formation at the tip of the prosthesis was
seen in 31 hips (17%) (Table 3).

Discussion

The early and midterm results of uncemented femoral
components have been frequently reported, with some
reports with more than 15 years of followup demonstrating
long-term survival rates over 95% [13, 17, 18, 20, 27, 29,
31, 34-38, 40, 46, 49, 53]. We report the minimum 15-year
(mean, 17 years; range, 15-20 years) results of the CLS®
Spotorno™ stem in primary THA in terms of the long-term
survival and revisions, the long-term clinical outcome, and
the radiographic findings.

The main limitation of this study is related to the lack of
preoperative Harris hip scores. We studied all patients
treated with a CLS™ Spotorno™ stem in a given time frame
of 5 years (1985-1989) and an electronic filing system
assured all patients were included. During a minimum
15-year followup time, a considerable number of patients
died (26%); therefore, the study cohort was reduced.
However, with only eight patients (2%) lost to followup, a
high clinical followup rate was achieved in our cohort [8]
and 63% (n = 222) of the hips were followed for a mini-
mum of 15 years. Thus, the results are reliable.

High survival rates have been reported in primary THA
with the use of the CLS™ Spotorno™ uncemented femoral
component [1, 4, 42, 43]. In all of these reports, this stem
was associated with low rates of aseptic loosening. In our
study, 17 stems have been revised for aseptic loosening; in
most cases for late subsidence. In these hips, the stem was
undersized during the primary surgery. The survival rate
with revision for aseptic loosening/late subsidence as an
end point was still 94% (range, 91%-97%) at 17 and
20 years. Only recently have long-term results exceeding
15 years become available for uncemented hip stems
(Table 4), and high survival rates over 90% at 15 years [6,
11, 15, 17, 18, 22, 26, 27, 29, 31, 34, 35, 37, 38, 40, 46, 49,
53] have been reported. In some of these series, the implant
is no longer in use or has undergone design changes over
the years [17, 37, 38, 40, 50, 53]. The CLS™ Spotorno®™
implant used in our study is still the same as in 1985 when
we started the study and we have used it ever since for
primary THA in younger patients. There are several
hypotheses for the good long-term fixation of this stem.
One of the most likely ones is the combination of a triple
taper with a grit-blasted surface treatment allowing osseous
integration of the titanium alloy [48].

Despite excellent survival of the stem, the clinical results
represented by a median HHS of 80 points were moderate,
although only 5% of patients complained of moderate to
severe pain. These relatively low HHS at final followup can
be attributed partially to the relatively high number of
patients with low Charnley classes (B/C) (Table 2) [10], the
fact that more than 40% of hips had undergone acetabular
revision for the failed acetabular constructs [44], in most
cases with major reconstruction (cages), and the natural
decline in hip scores with age. Clinical long-term results of
other uncemented implants showed variable results ranging
from a mean HHS of 81 [7] to 92 [50] (Table 4).

Thigh pain occurs in association with distal canal
reaming [12], cobalt-chromium implants [6, 53], and tight
fit [12]. Interestingly, in our series, no case of thigh pain
has been found. We suggest this is due to the more flexible
titanium alloy, the lack of tight distal canal fill, and
the more proximal metadiaphyseal loading of the CLS®™
Spotornoi{‘ stem [2].

@ Springer



Clinical Orthopaedics and Related Research®™

Aldinger et al.

2302

-2100s diy sureHq = SHH pPopnoxe uonodyul, tsosayppuared ur soSuel Ym ‘sueoul s passardxa sanfea; {(BOIPAWMOH) wVOd ‘([N ‘Piojroyiny ‘edIpaWMOH) pIoT ‘(u] Jowwiz)
-SIIIRH :9pN[OUl asn [eOTUI[d Ul [[1s jou sjue[duwr (Aueuron ‘uadurny, ‘de[nosay uneig "g) 10vjuodrg ‘([ ‘UopuoT Py Td[) @3uon ‘(ouy ‘sotpaedoyiQ Ango() 4 MOO[-ILL ‘(NI ‘MesIem

‘ouf joworg) o o0[1ade], ‘(NI ‘mesiepy Ou ‘sorpaedoyiiQ Andad) 4 TNV “(9U] JoWwWIZ) o I[NWAIMZ ‘(NI ‘MesIep| Ouf Iowwry) . oulojodg @SID epnpour asn [eoturpo ur [[us syuerduiy

—/€6 ¥ L 18 0 16 (18—20) 8¢ (L1-S1) 91 £00¢ [L] 'e 30 [mosalog
/16 8 01 ¢8 14 1€l (69-61) 8% (0T-81) 61 S00T [c] wry vVOd
[82] ns1oy] pue
1£8 0 11 I 144! (98-8¢) 09 I L00¢ uoSeIy dp ZoUNIeN
[L1]
—/c6 ! 8 ¢8 I oLl (LL=2©) 79 (0z=SD L1 ¥00¢ USNS[SPION pue juel pio]
L8 L 6 68 0 06 (08—€2) 8¢ (81-CD) S1 ¥00¢ [L€] Te 10 1Z1ATRq due[eH-sLey
—/96 S 01 8 Ll 0s¢ (¥8—T0) 9 (0T-91) 81 L00T [€€] T8 39 sY20 Joejuoslg
—/L6 0 9 (4 [£53 (06-19) 1L Iz —s1) L1 800¢C [8€] “Te 10 wewereley Suopmyg
0 6 6 € L9 (TL—5D) 08 L1=S+1D) ST 00T [0S] "Te 10 uayo[a, AO0[LLL
—/S6 1 9 68 0 601 (2800 LS Sl [0g] 21
/6 0 S 68 0 001 (LL=0D) ¥S Sl 900¢ pue urysSne N
[1€] @91
66/L8 1 €l G8 0 94! (S.-02) 0§ (€2-81) 0T 800¢C pue urySne o ooprede,
£'86/8'L6 € ¥ ! €CC (L891) s§ (ST-00) T 800¢C [9] ‘Te 10 Juoweg TAV
66/86 [ € 88 9 0ce (66-62) L9 (L1-S1) ST 800¢ [6¥] T8 39 [93ong
001/86 0 € 68 I 80T  (¥8-CD) 19 (L1-61) §°61 9002 [81] T2 30 1qniD
—/S6 (4 € 68 I SL (89-+0) ¢S (81-SD) 91 800¢C [oF] "Te 10 peIsSioy Tonuikomz
96/— 8 88 0 €6 (18-80) ¢S (Iz-LD 61 800¢C [zc] e % omur ourojodg S0
(Suruasoo| Suruasoo| (syutod) ,(s1eak)
ondase /suoIsIAQl [[e) ondase SHH dnmorjoj sdiy jo a3e .*.ASS\O
(9) @181 [RAIAINS SUOISIASY SUOISIAY UBIIA 0 SSOT JoquinN juaneq dnmorroq ALY S Apmg suerduy

s189A GT Ised] 18 Jo dnmo[[oJ ueaw € yim swals diy pajuswodun uo sAIpnis “p Qe

pringer

A's



Volume 467, Number 9, September 2009

Cementless Spotorno®™

Stem 2303

In all longer-term reports, the CLS™ Spotorno™ stem
was associated with low rates of osteolysis [1, 4, 42, 43]. In
our study, we found small (< 1 cm?) proximal osteolytic
lesions in 15% of the hips. This is in contrast to other
mainly cobalt-chrome alloy uncemented implants, ranging
up to 37% osteolysis larger than 1.5 cm? [6]. However,
osteolysis is mainly dependent on polyethylene wear [52]
and therefore independent of the stem used. The wedge-
shaped design with a fluted tip might have led to the
absence of severe stress shielding and distal cortical
hypertrophy on radiographic examination. This finding is
in contrast to the results of other successful uncemented
implants with tight distal fit, where high rates of cortical
hypertrophy have been reported due to more distal fixation
[6, 13, 14, 17, 18, 40, 49, 53]. Even trochanteric fractures
related to stress shielding and osteolysis have been reported
in up to 22% [6] of cases using the anatomic medullary
locking uncemented components.

The scarcity of long-term results (> 15 years) for
uncemented femoral implants makes it difficult to predict
long-term outcome. After 17 years with 156 stems still at
risk, we found a low revision rate due to aseptic loosening
of the stem, no distal femoral osteolysis, and survival
similar to the best cemented and uncemented series in
younger patient groups [9, 25, 31, 38]. In our opinion, the
insertion of this uncemented femoral stem is less
demanding than a well-cemented THA. Even in a multi-
surgeon series, the long-term results were very consistent.
Our data demonstrate high rates of stable implants in the
long term for this grit-blasted uncemented tapered stem.
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